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VIBRATIONAL SPE~OSCO~ OF SHOCK-COMPRESSED WID N2 AJJD (:2*

S. c. Schmidt, D. S, HOOK., U. S. Shaw, ●ndJ. D. JohnEon

Los Alamoa N*c1oM1 Laboratory, Los Al-s, NM, S7545, USA

Singlo-pulse, multiplex, coharont anti.Stokes aaman scactaring (CARS) WJS iised to obser’fe
tha vibrational spectra of llquld N

8
fihock.comprasaad to sav~ral prrss,.res .ind tetnparat’lres

Up co L1 cpa ●nd 5200 K ●nd LiquLd z nhock-co=prcssnd to savernl protsllres ~nd campeuatures

up to 10 GPa ●nd 1000 K. ~Ot N2, tho cxparlmentml npaccra ware c~)mpa.wd :n synthoclc
spac:ra calculated using ● ●omiclasslcal model for CMS incansitles {.nd asr~mmtad
vibrational fraquoncios, peak Ramn suacopcibilitias ●nd Raman line ~Idchs The question of

●xcited -tat. populations in tho shock-comprasnad stata is addrassa(l,

Racantly, tha hi~-praasura, hL@-

tamparatu;o behavior of N2 mnd 02 hava rrcoivod

consldarabla attantion. Sovoral dynamlcl-4 and

SCacict-g●xparlMncs havo producad ●quation.ef.

staco ●nd thcrmodyrumic data for N2 and 02 ●t

pra~surm~ up co 130 CPa and at ●lovatod

:emporatursc to bayond 10,I3OO It Thoso

meaeursmants hava boon complamantnd by

calculatlona that dasc;ibo tho chomodynamlc

statcofch. solidLOor th. fluidll-lL, An

increase in comprasstblllty along Lhm N2

}Iugor,lec ,It praesurae abovo 30 GPa has baan

●ttribuc.dlO-llm A& to fllssuclatLon, T2w

intrmolocular str~tchln~ froquoncl~s for solld

‘6 havo boom meamu:ad mnd%,~’lt ●nd eolid 02

,;iculatedi~ uelng a porturhatlon ●nalysls in

conjunction with approprlatoly chooon potontlal

;3,16run,.tions Vibr~tioml fraqmwicias havo

al-o baon mmasured Cor tha f~ncal ●nd somm

●xclccd etato trm,citlostm of fluid N2 AC

prmesurms ●nd to~araturaa up to 16 GPa and 4400

K 6’10 Rocontly, H2 vibrational froqusnclos

ha”!o boon calculmtod wrsuc prosmura and

tumpormturo .19 Thor. hava, howav-r, baan no

rn~asuromonta or calcuiat iona of the 92

vibrational froquancias in th done. Cluld

etatc, Such rosultc ●nd hiShar prasiura/

ttmporaturo data for N2 would b. of valua both

—-

to charactnrizo cho potential functions of thaoo

molaculas ●nd possibly to obscrva tho onmac of

diomoclation. Itoaaurmrnnts of ~rourd and

●xcltod stat~ vibrational crarultion lntmclclaa

could alao +rovida an uppoc limit ●scimmto for

dmaa-phasn fluid vibrational r~la,xaclon

tl”s .20
Roporcad hara ●ru cohormt anti-Stokas Ruan

scatcoring (CAM) maanuremante of N2 ●nd 02

rnhock.comprssmad to 41 cPa and 1.0 GPa,

raspsctlvaly, TM pramebro/tmparatura scatos

worm achiovod by dynaalc compraasion tochnlqua~

ualn~ ●n ●xparlmancal ●pparatus dsscrlbad

provlously,21 kiafly, a projoctilo launchad by

a two-btagc light gas gun dynamically comprafistd

. * IquLd N2 or U2 S-lC that had baan condmn~.d

into ● cryognnic targoc ●smombly, T21a tarpc

was do~i~nod to raflact CARS ILgnalm from ●

h,(ghly poliehod 104 etainlase steal target plata

at cha front throu~h ● 6 3-~.dlu quartz or

Llthiua fluorldo window ●t tho roar, SLngla.

shock volocitlas wora conearwtlvoly msasurad to

fO.2 k@soc and tha int+ial proacura ●nd

tamporatura of tha liquid ●amplo woro dotomlntd

to tO 1 kPa ●nd tl K, roepnctivoly, InLtlaL

CUP1O donsltlcc of N2 and 02 wars taksn from

Jacob#an, ●t al,22 ●nd Uobar,23 rospoctivoly

fig ●amplon wro condmml fro.a gamous N2

~Urrrk done undar rno ausplcoe of tha US Dop6rtmant of Energy



(>99.9t purity) and gasaous 02 (>99 6b purity)

cARs2~ Oc curs as ● four-wave parametric

process in which chrao wavoa, two at (i pump

frequencv and one at a Scokas frequency, are

mixed in a sampla to produce a coherent 5eam at

the ant~+tokee frequency The efficiency of

this mixing is greatly erdmnccd Lf ?.he

difforsncc Lt. frequencies bctwean tho pump and

Stokas colncidos with tha frequency of a Raman

active mode of tho samplt. A prev~ously
,,

described’* semiclassical modal was used to

calculato svnthetic CARS spectra chat matchad

the ●xporimental data. In those experiments, a

Nd:YAC lartar was used to pump tha two dye lasers

that gmorate cha CARS signal, on- being A

broadband ‘Stokos” lasar (630-650 nm) ●nd cha

ochar a narrowband “pump” laser oparatad near

557 nm for N2 ●xpwrheoncs and nnar 5R2 nm for 02

*xp*rlm*ncs Multichannel datoctlon of tho CARS

signals was dons using ●n lntenalfled photodlorla

array and analyzar In ●ddition, the broadband

dys laser spactral profile was ❑easured in ●ach

●xporimant using ●nochar epectromet~r and

photodioda array. Wavelength calibrations ware

all done IIsing vacuum wavelengths of ●tomtc

emission llnes25

Shock prosnuroa and temperatures ware

calculated using ●n ●ffective ●pherical

potcntlal that hae been shown to reproduco

accurately both nonspherical molecular dynamics

slmulationc ●nd ●xperimental Hugoniot ●nd

brighcnass temparaturo data for F2. i~,l’+ ~akil,g

into account tha ●~curacy of tho method for N20

and the similarity of potentials for N2 ●nd 91,

an cffectlve spherical potontial for dz WMC fit

dlrectly~ to Hltgonlot data 3
●nd wag check-d b}

its good ff.t to reflected shock data ‘ In this

work, doublv shockad ●tatas ●re inferred from

impedaneo mat~’hing qt rhe lnltial shock at the

meaaured shock vekoclty, reflecting nff the

known window material ●ssuming the theoretical

●quation oc ●tate for N2 and 02 The ●quation.

of.etate parmeet?re for quartz and lithium

o
-~ 1* - 40.8 QPa 5162 K

m a! * ** * 18.7Wa 4123 K
,,* ,
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Experimantnl nnd comput~d CARS spnctra of shock.
com~re~sed liquid N2.

fluoride ●t’o from published data, 26 Baaed on

the pfev(ously ~cated ehperlmental errors,

aet~mated uncer~alntias i I; prasrzure are about ‘1

tiPa for principal Hugonlot rnaaauroments ●nd f:

GPa for reflacLed shorks ‘l%eee uncertalntiet

●ra dominated by the ●xporlrnental unrertaintv iII

the chock velocity remper4Lure uncertainties

●re dominated by a tvstemtrrio ehlf’t of IIp to l[~i

~:,):,‘lepend~ng of, tho rhaoro( II A: model ~::l~seil

‘The obaarvrd sln~lr p!li~e I:ARS ~pectra ot

ambient presnuro and Z(AII! I fnur *xpar[menl s I

dynaml[,ally rompresnoct $t,llo~ o~ llquid N, arr

shown it, Pt~ I Also ~how~ are prellmln~rv

nynthatic spectra B#rJIIISS of timing
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lndfct~~s that “higher vibrat:rmal sraces iri N:

are excicod in <50 ns. ●nd. wlcliin ct,e ilmlcs =f

ciia appraximarlcma ased ●nd t%a exparimer~al

error. dnermal eq-uili”brariorl of Cb,ese ieveis 15

s~ggescecl
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